Objective. To evaluate whether public reporting of performance data was associated with a change over time in quality indicators for acute myocardial infarction (AMI) in Italian hospitals.
Introduction
Coronary heart disease (CHD) represents the most common cause of death in Europe (www.heartstats.org). Annual hospital admissions for ST-segment elevation myocardial infarction (STEMI) in Europe range between 44 and 142 cases per 100 000 inhabitants [1] . Since the 1990s, percutaneous coronary interventions (PCIs) increased. In Italy, ∼119 000 PCIs were performed in 2009 [2] . Despite remarkable advances in to performance data because of professional pride, competitiveness and sensitivity to their reputation among peers and implement internal improvement projects [9, 10] .
Overall, the evidence of the effect of public reporting on quality of care is limited [7] and only very few report on European countries [11] . In Italy, various studies have examined quality of care for AMI [6, [12] [13] [14] [15] , but no study has addressed public reporting.
The Regional Outcome Evaluation Program (called P.Re. Val.E.) was launched in the Lazio region in 2005, and includes an evaluation of hospital care for AMI [16] . Lazio is located in central Italy and has ∼5 700 000 residents, mainly concentrated in the city of Rome (National Institute of Statistics, 2010). As previously described [16] , the P.Re.Val.E. program has grown since 2005 to include 54 indicators of hospital care in various clinical areas, including cardiology, orthopedics, obstetrics, gastroenterology, respiratory and cerebrovascular diseases.
In January/February 2008, the P.Re.Val.E. hospital-specific results were communicated to individual hospitals in Lazio through professional meetings and were publicly released on the web (www.epidemiologia.lazio.it/vislazio/vis_index.php) and through patient/citizen associations and press conferences. Local and national newspapers and Italian medical journals covered the topic. Other Italian regions had no active communication of the performance evaluation program.
The objective of this study was to evaluate whether the reporting of the P.Re.Val.E. results in Lazio was associated with a change in care for AMI patients. In particular, we compared the change over time in AMI indicators in Lazio and in Italian regions, where no reporting of the performance evaluation had taken place. We hypothesized that public reporting in Lazio was associated with improved performance compared with other Italian regions.
Methods
We compared hospital care for AMI in Lazio during the years 2006/07 and 2009 (i.e. before and after the public release of the P.Re.Val.E. cardiac care performance data and excluding 2008, the year that public reporting began). Using available data regarding 30-day mortality, STEMI and non-STEMI, from Lazio and other regions, we compared changes during the study period in Lazio to those in Italian regions where no public reporting had taken place. We excluded regions such as Tuscany, which had a performance evaluation program with private and public reporting. Other regions were excluded due to issues of data availability. Regions included in the control group account for 13.2% of hospital admissions within the National Health System. The P.Re.Val.E. program focused mainly on directly involving health professionals and managers. By providing them with timely, peer-hospital comparison, it emphasized the importance of sharing the interpretation of the results and offered the possibility of additional in-depth analyses, if requested by providers. In 2008, P.Re.Val.E. results were disseminated to hospitals in Lazio via in-person meetings with the managers of each hospital and its clinical staff. Hospitalspecific performance and peer-hospital comparisons were presented, with the aim to promote a positive and constructive approach to quality improvement, rather than to identify the best or worst performances. Hospital staff was invited to suggest possible interpretations of unexpected findings. Participation of clinical staff was voluntary; ∼90% of cardiologists and cardiothoracic surgeons took part. The general public in Lazio was informed in general terms that a performance evaluation was underway without highlighting the results of specific indicators.
Study population and data source
We used the hospital information system (HIS), which includes all hospital admissions within the Italian National Health Service, and linked the database with vital status records through individual identification codes. We included all patients diagnosed with AMI between January 2006 and December 2007 and between January 2009 and November 2009 who fulfilled the following inclusion criteria: International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code 410.1-410.9; age 18-100 years; and discharged from any hospital within the National Health System. Main exclusion criteria: hospitalizations lasting fewer than 48 h and discharge at home (hypothesizing a misdiagnosis), previous hospital admission for AMI within the last 4 weeks and non-resident in the region. A detailed description of codes used to define the study cohorts is provided elsewhere [16] .
In line with previous studies [17] , we classified AMI according to the ICD-9-CM fourth-digit subcategories in STEMI (codes 410.1-410.6 and 410.8) and non-STEMI (code 410.7). Similar to previous studies [18] we did not include the code 410.9 in the STEMI category and examined this subgroup separately. According to the ICD-9-CM, code 410.9 includes 'AMI of an unspecified site not otherwise specified'. Qualitative information provided by cardiologists has shown that code 410.9 is often used for cases that cannot be attributed to the two previous categories due to bundle branch block or pacemaker (data not shown). Other studies have included code 410.9 in the STEMI category [17] .
Quality indicators
The P.Re.Val.E. project included 54 indicators, with 14 indicators regarding cardiac care [16] . In the present study, we focused on PCI. The following crude and risk-adjusted indicators were examined separately among patients with STEMI, non-STEMI, and AMI code 410.9: proportion of patients treated with PCI within 48 h; 30-day mortality; 30-day mortality after PCI performed within 48 h; and 30-day mortality among patients who have not been revascularized (no PCI).
In accordance with previous studies [3] , we used the following procedure codes to define PCI: ICD-9-CM codes 00.66, 36.01, 36.02, 36.05, 36.06 and 36.07. The 48-h pre-PCI time interval was measured from the patient's first hospital access. The HIS only reports the date and not the exact time when a procedure was performed; in this study, PCI was considered to have been performed within 48 h if the procedure was carried out the same day as hospital access or within the next day. The HIS does not allow examining whether PCI was performed within a shorter time interval.
For the subgroup of STEMI patients in Lazio, we could also analyze PCI performed within 90 min and the proportion of patients treated with fibrinolysis. These data could only be obtained for the years 2008 and 2009, and were unavailable for previous years and for the other regions. Information about clinical characteristics, risk factors and comorbidities was obtained from the HIS on the basis of ICD-9-CM codes registered in the index hospitalization and in hospital admissions during the preceding 2 years. A validated automatic record linkage procedure was employed [19] .
Statistical analysis
For each indicator, patient risk in the two geographic areas (Lazio and other regions) in the two study periods was obtained using the direct standardization method with the general population as a reference. A severity measure (a priori risk) was constructed for the study population to account for patient characteristics, such as age, sex, severity of disease and/or chronic comorbidities. A logistic regression model with no intercept, including centered covariates and an interaction term between geographic area and study period, was applied for each outcome. These models estimate groupspecific (geographic areas) log odds of outcome. Adjusted risks were obtained for each level of interest by backtransforming parameter estimates with the following formulas:
where k is a correction coefficient introduced to take into account the non-linear nature of the logistic model. K is calculated as follows:
where p j are the adjusted risks, n j is the group size, and m is the number of groups. The outcome-specific predictive model included age and gender as a priori risk factors and comorbidities selected from all coexisting medical conditions potentially associated with the outcome by a bootstrap stepwise procedure. Stepwise analysis was performed with 500 replicated samples from the original data, and significance thresholds of 0.10 and 0.05 were imposed for input and removal, respectively. Only risk factors selected in at least 50% of the runs were included in the final models. Relative risks, absolute differences, and the corresponding P-values were estimated to compare the two study periods by geographic area.
In addition, we performed a validation study on a random sample of 2033 hospital admissions for CHD in Lazio during 2006/07 and we evaluated the agreement between diagnoses reported in the administrative database and on clinical records, considering the latter as the gold standard (details available on request). Trained personnel, who had no access to the administrative data, reviewed the clinical records.
Results
Overall, the study included 24 800 AMI patients in Lazio and 39 350 in the other regions. Among Lazio patients, 56% were STEMI, 35% were non-STEMI and 8% had AMI code 410.9 in 2006/07; in 2009, the surveyed population was 47% STEMI, 50% non-STEMI and 4% had AMI code 410.9. In the other regions, 45% were STEMI, 46% were non-STEMI and 10% were AMI code 410.9 in 2006/07; in 2009, 41% were STEMI, 50% non-STEMI and 9% AMI code 410.9. Patient characteristics were similar in 2006/07 and 2009 ( Table 1) .
The risk-adjusted proportion of STEMI treated with PCI within 48 h in Lazio increased from 31.3% before public reporting to 48.7% after (relative increase 56%, P < 0.001) ( Table 2 ). In the other regions, the proportion increased from 51.5 to 58.4% (relative increase 13%, P < 0.001). Among non-STEMI, PCIs within 48 h increased from 10.1 to 16.0% in Lazio (relative increase 57%, P < 0.001), and from 16.6 to 19.4% in the other regions (relative increase 16%, P < 0.001). In Lazio, 28.5% of STEMI patients received PCI within 90 min in 2009 and 25.1% in 2008. In 2009, 7.4% of STEMI in Lazio were treated with fibrinolysis and 5.3% with a combination of fibrinolysis and PCI. In 2008, 6.8% received fibrinolysis and 11.1% received a combination of fibrinolysis and PCI.
The risk-adjusted 30-day mortality in 2009 after STEMI was 14.9% in Lazio and 14.7% in the other regions (Table 3) ; for non-STEMI in 2009, it was 8.1% in Lazio and 6.4% in the other regions. There was no significant change in overall 30-day mortality. Thirty-day mortality after PCI within 48 h also did not change significantly during the study period. In 2009, the mortality after STEMI treated with PCI was 5.4% in Lazio and 6.6% in the other regions; the 2009 mortality for non-STEMI treated with PCI was 2.3% in Lazio and 1.8% in the other regions.
Risk-adjusted 30-day mortality for STEMI not treated with PCI in Lazio was significantly higher in 2009 (29.0%) than in 2006/07 (24.0%); in the other regions, the mortality for STEMI not treated with PCI was 27.8% in 2009, with no significant change during the study period. Among non-STEMI patients not treated with PCI, 30-day mortality was 14.0% in Lazio and 11.6% in the other regions, with no significant change over time. The small subgroup with code 410.9 was characterized by a higher mortality compared with STEMI and non-STEMI. There was a decrease in the number of code 410.9 in Lazio accompanied by an increase in timely PCI for these patients in the other regions.
The validation study on a random sample of CHD admissions in Lazio, comparing diagnoses in the administrative database with clinical records, has shown that the respective positive predictive values of a diagnosis of STEMI or non-STEMI based on administrative data were 80. A multinational study [20] revealed an increase in STEMI treated with PCI from 15 to 44% between 1999 and 2006. We previously observed an increase of AMI treated with PCI throughout Italy, with Lazio demonstrating greater improvement after 2007 [21] . However, our previous observation was based on only one indicator for cardiac care, and the available data did not allow to distinguish between STEMI and non-STEMI. The present study includes a more detailed analysis showing improvements for STEMI in particular.
International guidelines for STEMI recommend a 90-min door-to-balloon time or that PCI be performed as soon as possible, as timely PCI decreases the risk of death after STEMI; any reperfusion delay is associated with a continuous non-linear increase in mortality [5, 22, 23] . There is less evidence for non-STEMI, but invasive reperfusion within 12-24 h reduces mortality also for high-risk non-STEMI patients; shorter reperfusion time showed no additional benefit [23] .
Even though PCI within 90 min in Lazio remained low (28.5%), we have shown some improvement. Unfortunately, this information was unavailable for the control group. For STEMI patients, timely primary PCI (defined as angioplasty and/or stenting without prior or concomitant fibrinolysis [24] ) is preferred over thrombolytic therapy [25] . However, the 90-min door-to-balloon time is difficult to achieve, even in well-organized systems [26] . In a multinational study [20] , PCI was performed outside the recommended time window in >40% of reperfused patients. Rapid pharmacological reperfusion followed by PCI within 24 h can represent a valid alternative [26] .
Our data did not allow to distinguish between primary PCI, PCI combined with pharmacological reperfusion and 'rescue' PCI (i.e. after failed pharmacological reperfusion) [24] . According to the data for Lazio, fibrinolysis was performed in a minority of STEMI patients and it decreased in 2009 versus 2008, paralleled by an increase in timely PCI. Other authors also reported a decrease in fibrinolytic therapy from 41 to 16% between 1999 and 2006, in favor of PCI [20] .
Additional aspects suggest that public reporting may be responsible for our results. Increases in timely PCI preceded public reporting, but improvements accelerated in Lazio immediately after reporting of the P.Re.Val.E. results [21] . Also, improvements have been observed in Lazio following public reporting in other areas of care addressed by the P.Re.Val.E. program, such as orthopedics [21, 27] .
Some factors other than public reporting are plausible explanations for the increases we observed, but these are present in both Lazio and the comparison regions. A reorganization of hospital services for AMI took place during the last decade in various Italian regions. Throughout Italy, health districts have expanded the number of centers offering interventional procedures and promoted greater integration between hub and spoke centers and emergency medical systems within local networks providing acute care for STEMI [28] . These initiatives are not homogeneously distributed in all regions and, in some cases, are still in an experimental phase [29] . No . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . comprehensive data are available on these initiatives, but the reorganization of AMI services appears to be occurring in both the Lazio region and the control group, making it unclear whether this might be an alternative explanation for our results. The introduction of a systematic approach of performance measurement 'per se' might have influenced hospitals to introduce quality improvement initiatives already before and independently of the communication of performance results [30, 31] . Independent quality improvement initiatives might have taken place in specific hospitals of some regions, but these would have the effect of reducing the differences we observed. The release of treatment guidelines and scientific publications might have led to a heightened awareness among clinicians, but this would have occurred throughout Italy. We did not find an improvement in overall 30-day mortality after AMI or in 30-day mortality for patients treated with PCI. In Lazio, we observed an increase in 30-day mortality among STEMI patients not treated with PCI. The mortality outcomes should be interpreted with caution, taking the possible changes in the diagnostic and coding systems of AMI during the study period into account. In particular, in Italy, ICD-9-CM code 410.7 has been increasingly used in recent years for non-STEMI [17] , while in the past some of these less severe cases were included in the STEMI category, which might have led to dilution of mortality in the STEMI category in the past.
The introduction, during the past decade, of more sensitive and specific biomarkers of myocardial necrosis (troponin test) and new diagnostic criteria have probably contributed to the increase of non-STEMI shown by international and Italian studies [17, 32] and by our data.
The lack of improvement in mortality, despite improved PCI performance, may also be explained in part by residual confounding. Data were lacking on some important AMI severity measures at hospital admission (e.g. ejection fraction) and on smoking history, which can influence AMI severity and case fatality [33] . Moreover, mortality is affected by numerous factors, in addition to timely PCI. Previous studies have shown that the decline in coronary disease mortality in the USA has been influenced in equal proportions by reductions in major risk factors and by evidence-based therapies [33] . Quality of care explains only a small proportion of observed differences in mortality between hospitals [34] . Some authors worry that public reporting may reduce performance of PCI in higher-risk patients [35] [36] [37] . A decline in patients with cardiogenic shock treated with PCI has been shown following public reporting, with a simultaneous increase in in-hospital mortality among non-revascularized patients [35] . Enhancing physicians' confidence in the risk-adjustment methodology might limit risk avoidance behavior.
In general, studies about the effect of public reporting on quality of care have been inconclusive [7, 38] . Some studies have demonstrated improved outcomes in cardiac care [39, 40] . A Canadian study [30] reported a reduction in 30-day mortality among STEMI patients after public release of hospital-specific quality indicators (from 11.5 to 8.3%); however, no significant change was observed for non-STEMI and only 1 in 12 AMI process-of-care indicators improved significantly.
Limitations of our study include the need of more detailed preprocedural information regarding AMI severity to better control for extremely high-risk cases. The low prevalence of some comorbidities suggests underreporting of detailed clinical information. However, underreporting did not differ among the examined years and regions. A previous study demonstrated that administrative data provided similar league tables in cardiac surgery as a more complex database [14] .
In conclusion, our results suggest that public reporting may have contributed to increasing the proportion of STEMI patients treated with timely PCI; however, 30-day mortality after AMI and for patients treated with PCI did not improve. Thirty-day mortality increased among STEMI patients not treated with PCI in Lazio. To establish whether cardiac care has improved overall, other quality indicators should be considered, in addition to those examined here. For example, non-mortality outcomes, such as ischemic outcomes, can be indicative of technical expertise [35] ; moreover, health-related quality of life and patient satisfaction can shed light on aspects not evaluated by clinical indicators. Process measures, including doorto-balloon time and discharge on appropriate medical therapy can provide a different insight in quality of care.
